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A. H. Ulaudm, A. H. TwAbnaKoe 

TEHETHKA H30JIHPOBAHHOrO rHnorOHA#OTPOIIHOrO rHIIOrOHAfl;H3MA 

ry SHHOKpHHojiorHiecKMit HayMHbift uemp (mV- — aicaa. H. H. AeflOB) PocMeirrexHOJiorHli MHH3.npaBcou;pa3BHTHa 
P<t>, HHH fleTCKotl annoKpHHOjiorHH (OTp. — npocp. B. A. ITerepKOBa) 



rHnoroHaaoTpoiiHbiH ranoroHaaH3M (IT), wm ro- 
HajwrporiHaH HeaocTaTOHHOcTb, — nojiHaa hjih qac- 
THHHaa HeflocTaTOHHOcTb chyHKUHH nojioBbix xejie3 B 
pe3yjibTaTe HapymeHHfl ceiqpeiiHH Jir h OCX rnno(J>H- 
3om. Oh xapaKTepH3yeTCH hh3khm ypoBHeM roHaao- 
TpOriHHOB h nojioBbix CTeponnpB IUia3MbI. 

BprxKHeHHbiii IT MoaceT 6bm> H30JinpoBaHHbiM 
hjih coneTaTbca c flecpHUHTOM apyrax ropMOHOB. Kpo- 
Me Toro, rr Macro Ha6jnojj;aeTCH npn HeKOTopbix chh- 
apoMax, BKjiioqaiomHX h apyrae ae<J)eKTbi pa3BHTHH. 
Bbwe^iiOT n3ojiHpoBaHHbift IT c aHocMHeii (cHHnpoM 
KajibMaHa) h rr 6e3 HapyiueHHH o6ohhhhh (HUHona- 

THHeCKHH — Hrr). TeHeTHHeCKH H30JIHpOBaHHbIH IT 

o^eHb reTeporeHeH. IlepBbiMH 6mjih o6HapyxeHbi My- 
TaiiHH reHOB KALI npH CHHflpoMe KajibMaHa h reHa 
GNRHR, KOflHpyromero peuenTop roHaaoTponHH-pH- 



KnaccH(]iHKai(H8 BpomaeHHoro rr 



H30JIHpOBaHHbIH IT 

Hrr c aHocMHeii (chhjjpom KajibMaHa): 

KALI (KALI, X-cueruieHHbift, KJiaccHiecioifi) 
KAL2 (FGFR1, ayTocoMHO-flOMHHaHTHWit) 
KAL3 (NELF?? h Apyrae ayrocoinHue reHbi) 

Hrr 6e3 aHOCMHH: 
GPR54 

aetpeKT peuenropa THPr (GNRHR); 

HflnonaxHiecKHii 
H30^HpoBaHHaa HejjocTaTOHHOCTb Jir h <PCr 
H30jiHpoBaHHaa He^ocTaToiHocTb Jir: 

HAHonaTH^ecKaH (rnnoTajiaMHiecKoii npnpoAbi) 

«e<})eKT p-cy6ieflHHHUbi Jir (LHB) 
H30JiHpoBaHHasi HejjocTaTOHHocTb OCF: 

TOHonaTHMecKaa (rHnoTajiaMH l iecKOH npHpoAbi) 

flecpeicr p-cyoieAHHHUbi (PCf (FSHB) 



jiH3HHr-ropMOHa (rHPr) npH IWHOnaTHHeCKOH cbop- 
mc OaHaKo ohh o6"bacHflK)T aa^eKo He Bee onynaH 3a- 
6ojieBaHHH [57]. HeaaBHO 6buiH oTKpbiTbi HOBbie reHbi 
(FGFR1 — fibroblast growth factor receptor 1, NELF— 
Nasal Embrionic Luteinizing Hormone-releasing hor- 
mone Factor, GPR54 — G protein-coupled receptor 
54), fle(J)eKTM kotopwx npHBOfljiT k rHnoroHaflH3My, a 
Taoce nojiyHeHbi aaHHbie o MOJieKywipHbix MexaHH3- 

Max, JiexaiUHX B OCHOBe pa3BHTHH H fJyHKIliHOHHpO- 
BaHHH penpoayKTHBHoft OCH (Ta6jT. 1, pHC. 1). B OT- 

ae^bHyio rpynny moxho Taicace BbwejiHTb ranoroHa- 
AH3M npH fle(J)HUHTe KaKoro-TO oflHoro H3 roHaaoTpo- 

nHHOB, 06yCJI0BJI6HHbIH MyTaiJHaMH reHOB, KOflHpyiO- 

mHX p-cy6T>eflHHHU(bi Jir hjih <J>Cr. 

B naioreHe3e Hrr, npoTeKaromero c coMeTaHHMM 
aedpHUHTOM Jir h OCr, KJHOHeByro pojib HrpaeT THPr 

TaSjiHua 1 



rr, COHCTaKHUHftCfl C flpVTHMH 3HA0KPHHHWMH HapyilieHHaMH H CHHflpOMaMH 



rHnonnTyHTapH3M (PROPI) 
CenToonTHiecxaa flncnjia3HH (HESXI) 
BpoatiieHHaa rHnoruia3Ha HaanoieiHHKOB (DAXI) 
flecpHUHT jienTMHa (LEP) 
Pe3HCTeHTHocn. k JienTHHy (LEPR) 
^ecpHUHT nporopMOHKOHBepTa3H (PCI) 
CnmipoM ripajjepa— Bhjijih 
Chhapom JIoypeHca— MyHa 
Chhupom Bapfle— Bha>w 
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Pery/iHTopHbie 

CMCTeMbl 



HeCiponenTMAbi-peryxiflTOpbi 



npeflwecTBeHHMKM 
THPr-HefipoHOB 




KALI 

FGFR1 

NELF 



Murpauiw b ronoTaiiaMyc 




fHPr 



GPR54 
GnRH (?) 



GnRH-R 

LHB 

FSHB 



Phc. 1. 

TeMbl. 



TeHH, BOB^eneHHbie b peryjiHUHio rHnoTajiaMO-rHno<J>H3apHO-roHaaHOH chc 



rHnoTajiaMyca, HH/jyuHpyiomHH ceKpeunio roHaao- 
TponHHOB rnno4)H30M. HapyuieHHe (pyHKUHH THPr 
(h KaK cJieflCTBHe rnnoroHaflH3M) mojkct 6biTb pe3yjib- 
TaTOM HapyiueHHH MHrpauHH HenpoHOB, .netheKTOB 

CHHTe3a h ceKpeuHH DiPr HJIH HHaKTHBHpyK>mHX My- 
Taunti reHa THPr-peuenTopa (GnRH-R) (cm. pnc. 1). 

KjiHHHHecKH rr xapaKTepH3yeTCH 3aflepxKott hjih 
nojmbiM OTcyrcTBHeM nojiOBoro co3peBaHHH, aiaSbiM 
pa3BHTHeM BTopHHHbix nojioBbix npH3HaKOB h Hapy- 

UieHHeM (J)epTHJIbHOCTH. 

IlpH3HaKH ranoroHaii;H3Ma y MyawHH — KpnnTop- 

XH3M, MHKponeHHC, M3JieHbKHH pa3Mep HHHeK (flO 

4 mji), pejjKoe Jio6KOBoe OBOJioceHHe hjih ero nojiHoe 
OTcyrcTBHe, eBHyxonjiHbiH habitus, rHHeKOMacraa 
(peflKo), asoocnepMHa. y ikshuihh ranoroHaflH3M 
npoHBJiaeTCH cjia6biM pa3BHTHeM mojiohhmx >Kejie3, 

pe^KHM JI06KOBbIM OBOJIOCeHHeM HJIH erO OTCyTCTBH- 

eM, HapymeHHHMH MeHCTpyajibHoro UHKJia (BnjioTb ao 
aMeHopen) h 6eciuioflHeM. y Bcex 6oJibHbix OTMeiaeT- 
ca 3aflep>KKa kocthoto B03pacTa. ^JiHTejibHbiH rano- 
roHaiiH3M npHBOflHT k 6ecnjioflHio h ocTeonopo3y. 
B ropMOHajibHOM aHajiH3e npn rr Ha6jnoflaeTca 

CHHXeHHe ypOBHH Jir, OCr H nOJIOBHX CTepOHflOB. 

C noMoiubio 3K3oreHHoro BBeaeHHa THPr moxho 
onpeflejiHTb ypoBeHb nopaaceHHH (rHPr-TecT). TaK, 
npn rnnoTajiaMHHecKOM ypoBHe nopaxeHna BBejjeHHe 
THPr npHBOflHT k noBbimeHHio KOHuempauHH Jir h 
OCT b iuia3Me, nocKOJibKy (pyHKUHH rHPT-peuenTO- 
pa rnno4)H3a coxpaHeHa. flpn nopaxeHHH Ha ypoBHe 
rHno4>H3a, HanpoTHB, THPr-TecT 
oTpHuaTejibHbiH h xapaKTepH3yeTCfl 
OTcyrcTBHeM peaKHHH roHaflOTpo- 
iihhob Ha BBe^eHHe jnojiH6epHHa. 

CundpoM KajibMaua (KS, oiibipaK- Telencephale 
mozeHumaabHan ducnna3un de Mors- 
ier) — coneTaHHe H30JiHpoBaHHoro 
rr h aHocMHH (rnnocMHH). ripn 

3T0M CHHflpOMe HaCTO BCTpeiaiOTCH 

h Jjpyrne nopoKH pa3BHTHH. 

THnoroHaaTOM npn CHHflpoMe Q 
KaubMaHa CBH3aH c HeaocTaTOHHo- 
CTbio TaPT b pe3yjibTaTe Hapyuie- 06oH$rre.nbHbifi 

HHH 3M6pHOHajIbHOH MHrpaUHH 3nHTe/lnft 
rHPr-CHHTe3HpyK)mHX HeHpOHOB. 

BcjieflCTBHe 3Toro HapymaeTca ceK- p H c. 2. na-roreHes aHocMHH. 



peuHH JIT h OCT rnno(pH30M, mto npn- 
BOflHT k OTcyrcTBHio cnepMaToreHe3a h 
KISS1 (?) cHHTe3a TecTocTepoHa. THPr-HeHpoHbi, 
KaK h oJib(paKTopHbie HenpoHbi, nponc- 

XOflHT H3 060HHTeJIbH0H nJiaKOflbl (yroji- 

meHHfl 3KTOflepMbi), pacnojioxeHHott 3a 
npeaejiaMH M03ra, h 3aieM b npouecce 
3M6pHoreHe3a MHrpnpyiOT b M03r. B 
npouecce 3M6pHoreHe3a aKcoHbi o6ohh- 
TejibHbix HeftpoHOB npoHHKaiOT nepe3 
peuieTnaTyio iuiacTHHKy h pacTyr no Ha- 

npaBJieHHK) K 060HflTeJIbHbIM JiyKOBH- 

naM (TaK Ha3MBaeMbiH HanpaBJieHHbift 

POCT aKCOHOB). THPr-HeHpOHbl flBH3CyT- 
CH BflOJIb 3THX aKCOHOB, TeCHO C HHMH 

KOHTaKTHpyH , noKa He flocTHrHyr MecTa 

CBOeil OKOHM3TeJIbHOH JI0KaHH3aUHH B 

ranoTanaMyce. B stom npouecce yqacT- 
ByioT MOJieKyJibi kjictohhoh aare3HH 
NCAM (neural cell adhesion molecule), 
oGecne^HBaiomHe Heo6xoflHMbiH KOHTaKT, a TaioKe 
MHoroHHCJieHHbie BHyrpH- h BHeKJieTOHHbie peryjia- 
Topbi HanpaBJieHHoro pocTa 3kcohob (npoayKTbi re- 
hob KALI, FGFR1, NELF). Tohhhh MexaHH3M MHrpa- 
UHH H B3aHMOfleHCTBHH 3THX (baKTOpOB HeH3BeCTeH. 

Ahocmhji cBH3aHa c OTcyrcTBHeM hjih rHnoruia3HeH 
o6oHjrrejibHbrx JiyKOBHU. Ee naroreHe3 npn CHHapoMe 
KajibMaHa o6iacHaeT rHnoreaa, BbWBHHyraa C. Dode b 
2004 r. [14]. BcKope nocjie nepBoro KOHTaicra oSoha- 
TejibHbrx aKCOHOB c nepejjjiHM OTflejioM KOHenHoro M03- 
ra (telencephale rostral) (b TeneHHe 6-h HefleJiH sm6pho- 
HajibHoro pa3BHTHa) npmieraiouiHe k okohh3HH5IM aK- 
cohob KJieTKH HeHpoanHTejiHH npeKpauiaioT MHTonwe- 
ckhh uhkji h /iH(J)4)epeHUHpyK)TCH b HefipoojiacTbi B 
npHcyTCTBHH 4>aKTopa pocra cbH6po6jiacTOB (OPO) h 
aHOCMHHa- 1 , b to BpeMH KaK OTflajieHHbie ot OKomaHHH 

aKCOHOB KJICTKH npOflOJDKaiOT fleJIHTbCH. HMeHHO 3TO 

jioKajibHoe CHHxeHHe KjieTOHHOH npojiH<i)epauHH npn- 

BOflHT K BbUMTHBaHHIO nepBHHHblX 06oH5ITeJIbHbIX Jiy- 
KOBHU. 3tot paHHHH 3Tan MOpcporeHe3a o6onHTejibHbix 
JiyKOBHU HapyuiaeTca npn CHHapoMe KajibMaHa b pe- 
3yjibTaTe OTcyrcTBHH peuerrropa OPO-l (KAL2) hjih 
aHOCMHHa- 1 (KALI) [14] (pnc. 2). 

Chhjjpom KJiHHmecKH h reHeTHHecKH reTepore- 
HeH. Pa3JiHHaK)T ceMeftHbie (popMbi 6ojie3HH c X-cue- 
njieHHMM (KALI) (MyrauHH reHa KALI), ayrocoMHo- 
jjoMHHaHTHbiM (KAL2) (MyrauHH reHa FGFR1) h ay- 
TocoMHO-peueccHBHUM (KAL3) THnoM Hacjie^OBa- 
hhh, a Taoce (name) cnopaamecKHe cjiynan. 




FGFR1 

M/1M 
SHO^MH 
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06/iacTb, 
6oraTaa 

UMCTeMHOM 



R1 



R2 



R3 



CMma^bHbiM 
nemnfl 



WAP- 

AOMeH 



riOBTOpbl 

4>n6poHeKTMHa 3-ro Tuna 



Phc. 3. CTpyicrypa aHocMHHa-1. 



MyrauHeH reHOB KALI h FGFR1 oGijacHHioTCfl 
jiHiub okojio 20% cnopaflHiecKHX h 25% Bcex ceMeft- 
Hbix cjiynaeB cnmipoMa KajibMaHa [13, 56]. EojibiiiHH- 
ctbo xe, no-BHWHMOMy, o6ycjioBJieHbi aecpeKTaMH ay- 
TOCOMHblX reHOB [46]. 

^acTOTa 6ojie3HH b 3—5 pa3 Bbiuie y mjokhhh (1:8— 
10 Tbic). Bo3MOXHoe o6-b5icHeHHe 3TOMy — npeflnojio- 

XeHHe O (J)yHKHHOHajIbHOM B3aHMOfleHCTBHH 3HOCMH- 

Ha-1 h peuerrropa G>P<D-1. y xeHinHH reH KALI nac- 
thhho H36eraeT X-HHaKTHBauHH (4>eHOMeH "Escape"), 
TaK KaK oflHa X-xpoMocovia HHTajcrHa. CooTBeTCTBeH- 

HO y HHX CHHTe3HpyeTCH KaKOe-TO KOJIHHeCTBO aHOC- 

MHHa-1, flocTaTOHHoe am aKTHBauHH peuerrropa 
OP(I>-l h, T3KHM o6pa30M, aceHiuHHa, HMeiomaK fle- 
4>eKT reHa, ocraeTCH kjthhhhcckh 3flopoBoft [13, 14]. 

KnuHmecKOH Kapmma cuhdpoMa KanmaHa. Kjih- 
HH^ecKH cHHflpoM KajibMaHa npoHBjraeTCH aHocMHeft 
h rr pa3HOH CTeneHH BbipaxeHHocTH. 

Ahocmhh o6ycjioBJieHa aruia3HeH hjih rHnoruia3Heft 
o6oHHTejibHbrx jt/kobhu h npoHRruieTCfl b BHae Hecno- 
co6hocth omymaTb 3anaxn. Y HeKOTopbix reTepo3HroT- 

HblX XCeHIUHH MOXeT Ha6jIIQZiaTbCH HaCTHHHaH HJIH 

nojiHaa aHOCMHH. KpoMe Toro, MoaceT 6biTb H30jiHpo- 
BaHHaa 3hocmhk 6e3 rHnoroHanH3Ma. OnpezrejiHTb 
aHocMHio moxho c noMombio cy6'beKTHBHbix h o6i>eK- 

THBHbDC MeTOflOB. K Cy6l>eKTHBHbIM MOXHO OTHeCTH 

3cajio6bi nauHema Ha cjiaGoe o6oHflH«e hjih ero OTcyr- 
dBHe. K o&beKTHBHbiM MeTo^aM othochtch cneuHajib- 
Hbie o6oHHTejibHbie TecTbi [8] h BH3yajibHoe onpeziejie- 
HHe aruia3HH/rHnoruia3HH o6oHflTejibHbix jiyKOBHU c 

nOMOIUbK) MarHHTHO-pe30H3HCHOil TOMOrpa(J)HH. 

ripn CHHKpoMe KajibMaHa oTMeiaeTca pa3Haa cTe- 
neHb ranoroHaflH3Ma h aHocMHH, flaxe b npeaejiax 
ojthoh ceMbH, a Taicxe HenojiHaa neHeHTpaHTHOcTb b 
ceMbHX, b kotopmx 6ojie3Hb HacjiejxyeTca ayrocoMHO- 
floMHHaHTHO. TaK, b oflHoft h toh xe ceMbe M03CHO 

Ha6jHOflaTb H30JIHpOBaHHbIH rr 6e3 aHOCMHH, CHH- 

flpoM KajibMaHa h H30JiHpOBaHHyio aHocMHio 6e3 th- 
noroHaflH3Ma. 

TaBjiHiia 2 

Chmutomu h nopoKH pa3BHTH«, laero BCTpeqaiouuiecx npii cHHapo- 
Me KajibMaHa 



KALI 


KAL2 


KAL3 (ayrocoMHo- 


(X-cueiuieHHHii) 


(ajTOCOMHO-flOMHHaHTHblH) 


peueccHBHbifl) 



OflHOCTOpOHHSH 

areHe3Ha noieic 

CHHKHHe3HH pyK 
AraKCHH 

BucoKoe roTHie- 

CKoe He6o 
fletpopMaima CTO- 



PacmejiHHa ry6w h He6a 
MHoxecTBeHHaa areHe3na 
3y6oB 

CHHKHHC3HH pyK 
YMCTBeHHajI OTCTajIOCTb 

ATpe3na xoaH 

Bpo)KHeHHbiH nopoK cepuua 
HetipoceHcopHaa TyroyxocTb 

HH3KOpOCJIOCTb 



fleepeicrbi cpa- 
meHHa cpeflHH- 

HOH JIHHHH 

PacmejiHHa ry- 
6w h He6a 
rHnepTejiopH3M 
rjia3 

OflHOCTOpOH- 

Haa areHe3Ma 
noieK 



OSnacTb, 
SoraTaa 

rMCTMAMHOM 



R4 



^Ipyroft oco6eHHOcTbio cHHapo- 
Ma KajibMaHa, ouimaiomeH ero ot 
Hrr, HBJiHeTCH ero lacToe coneTa- 
HHe c pa3Hoo6pa3HMMH nopoKaMH 
pa3BHTHK (Ta6ji. 2). 

KALI (KAaccimecKuu, X-cu,eruieH- 
Hbiii cmdpoM KanmaHa) o6ycjioB- 
jieH MyrauHaMH b reHe KALI. 

TeH KALI (npeacHHe Ha3BaHHH 
- KAL, KALLG, ADMLX) pacnojio- 
aceH Ha Xp22.3, coctoht H3 14 sk- 

30H0B H KOflHpyeT rJIHKOnpOTeHH aHOCMHH, COCTOH- 
IUHH H3 680 aMHHOKHCJIOTHWX OCTaTKOB. 

OnncaHbi MHoroHHcjieHHbie h pa3Hoo6pa3Hwe to- 
neHHbie MyrauHH h aejieuHH Bcero reHa h oTflejibHbix 
ero 3K3ohob [1, 5, 13, 16, 18, 20, 28, 36, 37, 40, 41, 
45—48, 53, 56, 63]. KpoMe toto, o6HapyxeHbi aejie- 
Uhh o&rcacTH Xp22.3, 3aTparHBaiomne, iiomhmo reHa 
KALI, h apyrae reHbi, pacnojioxeHHbie b npeaejiax 
3toh o6jiac™ (HanpHMep, reH STS), hto aBJiaeTCH 
npHHHHOH T3K Ha3MBaeMoro CHHflpoMa reHHbix no- 
cjiejioBaTejibHocTeH, b aaHHOM cjiynae — coneTaHHfl 
CHHflpoMa KajibMaHa h hxtho33. 

CmpyKmypa anocMuna-l (pnc 3). N-KOHeu aHOC- 
MHHa coaep>KHT cHraajibHbiH nenTHfl h o6jiacTb, 6o- 
raTyio ociaTKaMH uHcreHHa, BHyrpH KOTopoii Haxo- 
Hhtch TaK Ha3MBaeMbiH WAP-flOMeH (whey acidic pro- 
tein), COCTOHIUHH npH6jIH3HTeJIbHO H3 50 3MHHOKHC- 

jioTHbix ocTaTKOB, aHajiorHHHWH aoMeHy, HafiaeHHo- 
My y HHrH6HTopoB npoTea3M, ho TaKaa npoTea3Haa 

aKTHBHOCTb OCTaeTCH THnOTeTHHeCKOH flJW aHOCMHHa- 

1 (KaK, snpoqeM, h ana WAP-aoMeHa). 

C-KOHeu cojiepxHT 4 nocjieflOBaTeJibHbix noBTopa 
<J)H6poHeKTHHa 3-ro THiia, HaHfleHHbix b NCAM. 3a- 
MbiKaeT MOJieicyjiy kopotkhh 4)parMeHT, 6oraTbitt oc- 

HOBHblMH aMHHOKHCJIOTaMH H rHCTHflHHOM [14]. 

IlpH MyrauHHX reHa KALI nponcxoflHT HapyuieHHe 
CTpyicrypbi aHOCMHHa, 3aTparHBaiomHe KaK WAP-ao- 
MeH, TaK h noBTOpw 4>H6poHeKTHHa 3-ro rana (phc. 4). 

KjiHHHHecKH MyrauHH reHa KALI npoKBJiKiOTCH b 

BHfle CO^eTaHHH Tr H aHOCMHH. H3 nopOKOB pa3BHTHH 

npn KALI nacTo BCTpenaioTCH oflHOCTopoHHfla areHe- 
3hh (aruia3HH) noqeK, chhkhhc3hh pyK, aTaKcna, bh- 
coKoe roTHHecKoe He6o, aecpopMauHH CTonbi. 

Tnn HacjieaoBaHHH — X-caeruieHHbiH. 

KAL2 (aymocoMHO-doMUHanrnHbiu cundpoM KanbMa- 
na) o6ycjioBJieH MyramuiMH b reHe FGFR1. 

TeH pacnojioxeH Ha 8pl 1.2 — 12, coctoht H3 18 3K- 
3ohob h KO/jHpyeT rjiHKonpoTeHH-peuenTop OP<I>-l, 

COCTOHIUHH H3 822 aMHHOKHCJIOTHblX OCTaTKOB. 

Ha ceroflHHiiiHHH aeHb onncaHo 35 HHaKTHBHpyio- 
ihhx MyrauHH reHa FGFR1 npn CHHflpoMe KajibMaHa 
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TeH KAL1 
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285 



402 



540 



680 
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Phc. 4. MyrauHH reHa KALI. 
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[1, 13, 17, 26, 28, 51, 56, 65] — 28 mhccchc- h hohcchc- 
MyrauHH, 3 MHKpoflejieuHH, 2 mhkpobct3bkh h 2 
cruiaiteHHr-MyTaijHH (Ta6ji. 3). KpoMe Toro, HHaKTHBH- 
pyromHe MyraiiHH reHa FGFR1 Moiyr npoKBJiHThCH 

TOJIbKO H30JIHpOBaHHMM IT 6e3 aHOCMHH, B COHeTaHHH 

c nopoKaMH pa3BHTi«i hjih 6e3 hhx [17, 26, 51, 65]. 

AKTHBHpyiomHe MyrauHH reHa FGFR1 Bbi3MBaK)T 
KpaHHOCHHOCT03 (cHHflpoM IIcpeH4>epa) [44, 54]. 

KjiHHHnecKH KAL2 npoHBJiaeTCH IT h aHOCMHen. 
IlopoKH pa3BHTHH, oco6eHHO xapaicrepHbie ami Myra- 
hhh reHa FGFR1, o6tjJichhk)tch TeM, mto peuenTop 
OPO-1 ynacTByeT b npouecce <J)opMHpoBaHHH h pa3- 
bhthh 3thx opraHOB h TKaHeft. HaH6ojree nacTO sto 
pacmejiHHa ry6bi h He6a, MHoxecTBeHHaH areHe3HH 
3y6oB, CHHKHHe3HH pyx, a Taicxe yMCTBeHHan oTCTa- 
jiocTb, aTpe3na xoaH, Bpo)KneHHbiH nopoK cepaua, 

HeftpOCeHCOpHaH TyroyXOCTb, HH3KOpOCJIOCTb (cm. 

Ta6ji. 3). 



CmpyKmypa peu,enmopa 0P0-1 (pnc. 5). Peuen- 
Top OPO-1 — MeMSpaHHbiH peuenTop, aicraBeH b 
BH/te flHMepa, Tor^a KaK b BH/j,e MOHOMepa Heaicra- 

BeH. BHeKJieTOHHblH perHOH, KOTOpblH (|>HKCHpyeT 

jiHraHa <E>P<I>, BKjiiOHaeT 3 o6jiacTH (floMeHa), cojjep- 
3cam«x 3 ™na HMMyHorjio6yjiHHOB (Ig I, Ig II h Ig 
III). Meacny nepBHMH neyMfi BCTaBjiaeTca Mo/jyjib, 
oneHb 6oraTbift khcjiothmmh ocTaTKaMH (khcjiot- 
Hbift pernc-H), pojib KOToporo COCTOHT B TOM, HT06bI 
MeiuaTb cnoHTaHHOH aKTHBauHH peuenTopa b OTcyr- 
cTBHe JinraHfla. BHyTpHKJieT04HbiH peraoH BKjnonaeT 

2 flOMeHa THp03HHKHHa3bI. 3-KOMnOHeHTHbIH MOJie- 

KyjiapHbiH KOMnjieKc H3 <I>PO, peuenTopa <I>PO-l h 
npoTeorjiHicaHa renapaH cyjibrjpaTa HeoSxo^HM anx 
AHMepH3auHH peuenTopa, 3a kotopoh cjiejjyeT aKTH- 
BauHH rapo3HHKHHa3bi b pe3yjibTaTe ayTO(^oc4>opH- 

JIHpOBaHHH (P) OCTaTKOB THp03HH3 (Y) BO BHyTpH- 

icneTOHHOM pernoHe [14]. 



Ta6jiHua 3 



HHaKTHBHpyioiKHe MyTauHH reHa FGFR1 



MyrauHH 


3K30H/HH- 
TpOH 


Xapaicrep MyrauHH 


IlopoKH pa3Bnrnji, accoiiHHpoBaHHbie c chhapomom KajibMana 


Abtop 


G48S 


3 


Cnopajumecicaa 


Hrr 6e3 aHOCMHH 


E. Trarbach [65] 


G97D 


3 




— 


C. Dode [13] 


Y99C 


3 






C. Dode [13] 


303-304insCC 


3 


„ 




C. Dode [13] 


V1021 


3 




- 


J. Albuisson [1] 


S107X 


3 




IlopoKH nonex, CHHKHHe3Ha pyK, pacmeJiHHa He6a, areHe3H« 3y6oB 


N : Sato [56] 


D129A 






v. 


J. Albuisson [1] 


A167S 






PacmeJiHHa He6a, areHe3HH corpus callosum, ojjHocTopoHHaa noTepa 


C. Dode [13] 




5 




cjiyxa, cpaiiicHHC 4 h 5 MeTaKapnajibHbix koctch 




C178S 






IlopoKH pa3BHTHH jnma CuBycTopoHWia nojiHaa pacmejiHHa ry6u h He6a, 


C. Lambe [26] 








plrHHCTnpHHuft np^PTT rnnoTTiT33tf H TTnflnntt wvrafwptt vpthapth rwnpnTP- 










jiopH3M, 6miaTepajibHas areHe3HH HapyacHoro yxa, KonayKTHBHaa Tyro- 






5 




yxocTb, yKopoHCHHC npaBoro najibua CTonbi) + HIT 6e3 aHOCMHH 




G237S 






Chhupom KajibMana hjih Hrr 6e3 3hocmhh 


N. Pitteloud [51] 


L245P 


6 




PacmeJiHHa ry6u h He6a 


E. Trarbach [65] 


R250W 


7 


CeMeHHaa 


ATaKcna, yMCTBeHHaa oTCTanocTb, anHJiencHH 


E. Trarbach [65] 


V273M 


7 


CnopaflHiecKaa 




J. Albuisson [1] 


C277Y 


7 






C. Dode [13] 


IVS7-1G -> A 


7 


CeineftHaa 


MHoacecTBeHHaa areHe3Ha 3y6oB 


C. Dode [13] 


A343V 


8 






E. Trarbach [65] 


1093- 




CnopajjHHecKaa 




J. Albuisson [1] 


1094delAG 








P366L 


9 


CeMeJiHaa 


OxHpeHHe, HapymeHHe cHa 


E. Trarbach [65] 


A520T 




CnopaflHiecKaa 




J. Albuisson [1] 


V607M 


13 


CeMetoaa 


CHHKHHe3Ha pyK 


C. Dode [13] 


1836-1837insT 


13 


CnopaflHHecKaa 




J. Albuisson [1] 


1852-1853deIAA 


13 


CeMettHaa 


Cubitus valgus 


E. Trarbach [65] 


R622X 


14 




PacmejiHHa ry6u h He6a hjih H3ojiHpoBaHHaa aHocMHa 


C. Dode [13] 


R622Q 


14 




Hrr 6e3 aHOCMHH, pacmejiHHa He6a, areHe.3HH 3y6oB 


I. Guemas [16] 


1970-1971delCa 


14 






C. Dode [13] 


W666R 


15 


CnopaflHiecKaa 


PacmejiHHa He6a 


C. Dode [13] 


Q680X 


15 




Hrr 6e3 aHOCMHH, pacmejiHHa ry6u h He6a 


N. Pitteloud [51] 


IVS15 + IG -> A Intron 15 






C. Dode [13] 


M719 


16 






C. Dode [13] 


P722S 


16 


CeMeiiHaa 


PacmeJiHHa ry6u, chhkhhc3hh pyx hjih H3ojiHpoBaHHaa aHOCMHH hjih 

nrr 


E. Trarbach [65] 


N724K 




CnopajiHiecKafl 


Hrr HJIH aHOCMHfl 


N. Pitteloud [51] 


Y730X 








J. Albuisson [1] 


P745S 


17 




riopoKH noieK, CHHKHHe3M pyK, pacmejiHHa He6a, areHe3HH 3y6oB 


N, Sato [56] 


P772S 


18 




PacmejiHHa He6a, oflHocTopoHee oTcyrcTBHe xpameit Hoca, Kojio6oMa 


C. Dode [13] 








paayxKH 




V795I 


18 


CeMeltHaa 


CHHKHHe3H3 pyK 


E. Trarbach [65] 



IlpHMeiaHHe. ITpoqepK — nopox OTcyrcTByeT. 
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ripoTeomnKaH 
renapaH cyjiwfcaT 
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Phc. 5. AKTHBauHH peuerrropa cJ>p<J>- 1 jiMraHflOM <t>P<S> b npHcyrcTBHH npoTeoniHKaHa re 
napaH-cynb(J)aTa. 

TK — THp03HHKHHa3a. 

&yHKU,uoHCiJibHoe 83auModeucmeue anocMuna-l u 
peu,enmopa 0P&-1. Ahocmhh-1 h peuenTop OPO-1 
yqacTByiOT b npouecce 3M6pHOHajibHoft MHrpaiiHH 
rHPr-HeiipoHOB b ranoTajiaMyc h flH<J)d)epeHii,H- 
poBKe o6oH3TejibHHX jiyKOBHU, BHCTynaa b pojih 
peryjiHTopoB HanpaBJieHHoro pocTa aKCOHOB. My- 

TaUHH KOanpyK5IUHX HX reHOB npOHBJIHIOTCa B BHfle 

CHHflpoMa KajibMaHa. PeuenTop OPO-1, iiomhmo 
3Toro, ynacTByeT b npouecce dpopMHpoBaHHH h pa3- 
bhthh TKaHeH h opraHOB. ripn ero noBpe^meHHH 
Ha6jiioflaioTC}i pa3Hoo6pa3Hbie nopoKH p33bhthh, 
HacTo BCTpeHaromHecH npn cHH/jpoMe KajibMaHa. 

ToHHblH MeXaHH3M B3aHMOaeHCTBH5I MeXfly 3THMH 

npoTeHHaMH He n3BecT6H. ripeflnojiaraeTCH, hto 
aHOCMHH KaKHM-TO o6pa30M ynacTByeT b nepegane 
cnraajia qepe3 peuenTop OPO-1. 

B03MOXHO, aHOCMHH CBOHM WAP-flOMeHOM CB3- 

3MBaeTca c npoTeorjiHKaHOM renapaH-cyjib4)aTOM. 
H3BecTHO, hto npoTeorjiHKaH renapaH-cyjib<J)aT 
Bbi3biBaeT flHMepH3aiiHio peuenTopoB OPO b npn- 
cyrcTBHH JiHraHflOB, hto o6ycjioBJiHBaeT aKTHBa- 

IIHK) (JtyHKUHH TK 3THX peuenTOpOB. B03MOXHO, 

Taxxe cymecTByeT npaMaa cBH3b aHocMHHa- 1 h pe- 
uenTopa OPO-1, TaK KaK HeflaBHO noKa3aHO, hto 
6ejioK NCAM CBH3biBaeTca c BHeioieToiHOH HacTbio 
peuenTopa npn noMomH cbohx flByx MOjjyjieH, no- 
flo6Hbix noBTopaM 4>H6poHeKTHHa 3-ro ™na aHoc- 
MHHa-1 [14]. 

KAL3 (aymocoMHO-pei{eccu8Hbiu cundpoM KajibMa- 
Ha). K KAL3 othocht Bee ocTa^bHbie cjiynaH CHHjjpo- 
Ma KajibMaHa, b kotopmx He o6HapyaceHO MyrauHH re- 
hob KALI h FGFR1. Tnn Hacjie/jOBaHHH — ayrocoM- 
Ho-peueccHBHHH. KjTHHHHecKH KAL3 npoHBJiaeTCJi 
aHocMHeft h rr. H3 nopoKOB pa3BHTHH npn KAL3 
nacTO Ha6jiK)flaioTC5i ae^eicTbi cpameHHH cpe/j,HHHoft 
jihhhh (midline cranial fusion defect), pacmejiHHa ry- 
6bi h He6a, ranepTejiopiOM raa3, oahoctopohhhh are- 
He3Ha noieK. 



Fen NELF kok npmma HFF u 
eeponmnan npmuna aymocoMHO-pe- 
i^eccuenoeo cundpojua KcuibMana 
(KAL3). B 2000 r. P. Kramer h S. 
Wray o6HapyxmiH y mmuih hobmh 
reH-KaHflwaaT ayrocoMHO-peiiec- 
chbhoh dpopMbi CKHflpoMa KajibMa- 
Ha [24]. Hobmh reH, Ha3BaHHbiH 
NELF, SKcnpeccnpyeTCH h b THPr- 

HeHpOHaX, H B OJIb4>aKTOpHbIX aK- 

coHax. B 3KcnepHMeHTax noBpex- 
aeHHe NELF CHHataeT HanpaBJieH- 
HblH pOCT aKCOHOB h MnrpauHio 
THPr-HeHpoHOB [25, 69]. 

TeH NELF ndixojxmcft Ha 9q34.3, 

COCTOHT H3 16 3K30HOB H KOflHpyeT 
6eJIOK, COCTOH1IIHH H3 530 aMHHO- 
KHCJIOTHblX OCTaTKOB. 

B 2004 r. K. Miura h coaBT. [43] 
HaiiuiH b cnopaflHqecKOM cjiynae 
Hrr reTepo3HroTHyio MHeceHC-My- 

TaUHK) (143 8 A G) B flOHOpCKOM 

caHTe cnjiancHHra 3K30Ha 15, npn- 
BOAHmyro k 3aMeHe TpeoHHHa Ha 
aaaHHH b 480-h no3HUHH (T480A). 
Ahocmhh h nopoKOB pa3BHTHH, xa- 
paicrepHbix ana cHHflpoMa KajibMa- 
Ha, He Ha6jno/jajiocb. 

HecMOTpn Ha to hto npn CHHflpoMe KajibMaHa My- 
TaiiHH reHa NELF noKa He o6HapyaceHo, sKcnepH- 
MeHTajibHwe ^aHHbie roBopHT o ero pOJIH B pa3BHTHH 
ayrocoMHO-peueccHBHoro cHHflpoMa KajibMaHa 
(KAL3). 

HduonammecKuu (mpMOCMUHecKuu) rr — apyraa 
6ojibinaa rpynna H30JiHpoBaHHoro YY. Ahocmhh He 
xapaKTepHa. npHHHHa — MyrauHH reHOB GPR54 (1— 

TeH GPR54 



TK 



TK 



C223R 



R297L 1001_1002insC 



L148S 



R331X X399R 



del 155 (i4-e5) 



R297L 




1001 1002incC 



'L148S C223F^, ^ R33^<^ 



del 155 (i4-e5) 



X399R 



Phc. 6. MyrauHH GPR54. 
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HaCTMHHbie 

• 

N10K 

Q11K 

Q106R* 

R262Q* 

Y284C 

Y290D 




ll.ll.l 



^ u 




J3262Q1 



Mytaunn reHa peuerrropa l~HPr 



no/iHbie 

o 

M1T 

T32I 

E90K 

T104I 

Y108C 

A129D 

R139H 

S168R 

A171T 

C200Y 

S217R 

L266R 

C279Y 

L314X 

P320L 



Phc. 7. MyrauHH peuenropa ThPT (GnRH-R). 

MyrauHH c iiojthoh (O) win HacnmHotf (#) noTepew (pywcuMH peuenTopa. * — HaH6ojiee qacTbie MyrauHH, 



2%) h GnRHR (40% ceMeftHbix h 16% cnopaflHne- 
ckhx diynaeB). B ocTanbHbix arayHaax npHHHHa HeH3- 
BecTHa (Hrr). HeKOTopbie cjiynaH moxho o6i>HCHHTb 
HenojiHoft (J>opMOH CHH/xpoMa KajibMaHa (npn Myra- 
uhhx reHOB KALI, FGFR1, NELF). E[pH stom Moryr 
Ha6^ioflaTbCH nopoKH p33bhthh, xapaKTepHbie jrjifl 
CHHflpoMa KajibMaHa. 

GPR54. Peuemop GPR54 (/xpyrHe Ha3BaHHH — 
AXOR12, hot7tl75, KISS1-R) npeflCTaBjiaeT co6oft 
G-npoTeHHCiteraeHHbiil peiieirrop (GPCR), pacno- 
JioaceHHbiii Ha noBepxHOCTH THPr-HeHpoHOB ranoTa- 
jiaMyca. CTHMyrauHH peuenTopa JiHraH/roM Be/xer k 
BbicBo6oxfleHHK> ThPF. HHaicraBHpyiomHe MyrauHH 
reHa GPR54 npHBOfljrr k Hrr [11, 27, 59, 60]. 

nOMHMO THPr-HeHpOHOB, GPR54 UIHpOKO 3KC- 

npeccnpyeTCH bo mhothx apyrax opraHax h TKarax, 
ho Sojibiue Bcero b ranoTajiaMyce, rano(bH3e h raa- 
HeHTe, BbinojiHHH KaKne-To /xpyrHe, noKa eme Hen3- 

BeCTHbie (pyHKUHH. 

TeH GPR54 HaxogHTCH Ha 19pl3.3, coctoht H3 5 

3K30HOB H KO/JHpyeT 6eJIOK, COCTOHIIHiH H3 398 aMH- 
HOKHCJIOTHblX OCT3TKOB. 

Ha ceroflHfliiiHHH /xeHb onHcaHO 7 pa3JiHHHbix My- 
TauHH reHa GPR54 y 6ojibHbix c Hrr — 5 tohkobmx, 
1 flejieuHH h 1 MHKpoBCTaBKa (phc. 6). Ohh Hacjiezty- 
roTca ayrocoMHO-peHeccHBHO, o^HHaKOBO BCTpeqa- 
iotch y MyadHH h y XeHHIHH. 

KjiHHHiecKH MyrauHH reHa GPR54 npoflBJunoTca 
nojiHMM rHnoroHaflH3MOM y Myac^HH h HacTHHHbiM y 
aceHiiiHH. BBefleHHe YnPT npHBOiiHT k noBbiiueHHio 
ypoBHfl Jir h cDCr b njia3Me, TaK KaK (pyHKHHfl THPr- 
penenTopa rano(J)H3a coxpaHeHa. KjiHHHqecKHX onH- 
caHHH MyrauHH GPR54 noKa HeMHoro (Bcero 5 Ha- 

6jIK)fleHHH). 

y naiineHTa H3 TepivtaHHH, poayieHHoro ot 6jih3- 

KOpOflCTBeHHOrO 6paKa, C rOM03HTOTHOH MHKpO- 

BCTaBKoft (1001 1002 insC) Ha6jno,uajicH Hrr 6e3 

aHOCMHH C flByCTOpOHHHM KpHIITOpXH3MOM , 3aflepJK- 

koh ny6epTaTa, hh3khm ypoBHeM TecTocTepoHa (3,4 

HMOJIb/jl) H CJia6bIM OTBeTOM TOHa/IOTponHHOB Ha 

THPr. HMnyjibCHoe BBeaeHHe H-iPr HopMajiH30BaJio 
ypoBeHb TecTocTepoHa h HHjiyHHpoBajio cnepMaTore- 

He3, flOCTaTOTOMH flJIfl (|)epTHJIbHOCTH [27]. 



y naiineHTa CMemaHHoro TypeuKO- 
HMattcKoro npoHcxoameHHa c MHKpone- 

HHCOM H KpHnTOpXH3MOM SblJIH BblHBJie- 

Hbi 2 coqeTaHHMe reTepo3HroTHbie Myra- 
Hhh — C223R h R297L. B B03pacTe 2 Mec 
y Hero Ha6jnoflajiHCb HeonpejjejraeMbie 
ypoBHH roHaaoTponHHOB (Jir < 0,5 mE/i/ 
mji, OCX < 0,5 mE^/mji) [60]. 

y 28-JieTHero a4)po-aMepHKaHua 6bi- 
jia TaioKe coieTaHHaa reTepo3HroTHocTb 
no 2 apyrHM MyraitHaM — R331X h 
X399R. y Hero OTMenajiH 3aaepxKy ny- 
6epTaTa, HH3KHe ypoBHH TecTocTepoHa h 
roHaflOTponHHOB (Jir < 0,5 E^/ji, <J>Cr 
— 3,9 Efl/ji, Ts — 1,22 HMOJib/n), oQ-htu 
TecTHKyji — 1 ivtu. C noMombio HMny^bc- 
Horo BBefleHHfl THPr ypoBeHb TecTocTe- 
poHa noBbiCHJicfl flo HopMajibHbix 3Hane- 

HHH, HHMKH yBejIHHHJIHCb flO 6—8 H 

yuajiocb HHHyunpoBaTb cnepMaToreHe3 
[59]. 

/lejieutra reHa GPR54 (del 155 (i4— 
e5)) SbiJia o6HapyaceHa b 6ojibiuoH 6jiH3KopojiCTBeH- 
hoh ceMbe H3 OpaHUHH. y 4 6paTbeB 6bum npH3H3KH 
no^Horo rHnoroHaflH3Ma — MajieHbKHe shmkh (4 mji), 
peflKHe BOJiocbi Ha Jio6Ke (P3), neHHC 7 cm, HH3Kne 
ypoBHH TecTocTepoHa, Jir h OCr, npaKTHMecKH He 
noBbiuiaiomHeca b xoae TecTa c 6ycepenHHOM. Bee 
ohh 6wjih HeBbicoKoro pocTa (150—152 cm), kocthmh 
B03pacT OTCTaBaji ot nacnopTHoro Ha 3—6 JieT. y hx 
16-JieTHen cecTpbi Ha6jnoaajic>i nacTHHHMH ranoro- 
HaflH3M — c^a6oe pa3BHTHe mojiohhhx xejie3 h 1 cJiy- 
h&vi MeHCTpyajibHonoaoGHoro KpoBOTeieHHH. B rop- 
MOHajibHOM aHajiH3e — HH3KHe ypoBHH acTpaaHOJia, 
Jir h <E>Cr. B to »ce BpeMH b xoae TecTa c 6ycepejiHHOM 
KOHiieHTpauHH Jir noBbicHJiacb go ny6epTaTHbix 3Ha- 
neHHH. y hx reTepo3HroTHoft MaTepH MeHapxe 6hjio b 
16 JieT [11]. 

roM03HroTHaa L148S-MyraHHH reHa GPR54 6buia 
o6HapyaceHa b apyron 6ojibiuoH 6jiH3KopoflCTBeHHOH 
ceMbe apa6cKoro npowcxoxfleHHa (y 4 Mya«HH h 2 
xeHiiiHH). y hhx TaKace Ha6jnoflajiCH hh3khh ypoBeHb 
nonoBbix CTepoHHOB h roHa/jOTponHHOB b njia3Me, 
nyBCTBHTejibHbix k HMiryjibCHOMy BBejjeHHio THPr. 
noBozioM nun o6pameHHa k Bpa^y 6hjih xajio6bi Ha 
6ecnJiojjHe [59]. 

HacTOTa MyraHHil reHa GPR54 cpeflH 6ojibHbix 
Hrr HeBejiHKa, npH6jiH3HTejibHo 1—2% Bcex cjiyqaeB 
Hrr [11, 19, 59]. 

Pewnmop ThPT (GnRH-R). ThVT (chhohhmm — 
luteinzing hormone-releasing hormone, Jir-Pr, jiiojih- 
6epHH) — KJironeBaH MOJieicyjia ranoTajiaMO-rHno^H- 
3apHO-roHaflHofi och. Oh CHHTe3HpyeTca HeftpoHaMH 
ranoTajiaMyca h ceKpeTHpyeTCH b HMnyjibCHOM pexw- 
Me b nopTajibHyro CHCTeMy rnno(J)H3a. CB33biBaHHe 
THPr c BbicoKoa(p(])HHHbiMH peuenTopaMH roHaflo- 
Tpo(J)OB a/TeHorano<pH3a HHayunpyeT chhtc3 h bh- 

6poc Jir h ocr. 

Hrr MoxeT pa3BHTbCH jih6o npn HapymeHHH chh- 
Te3a hjih ceKpeuHH THPr nfflOTajiaMycoM, jih6o npn 
HapymeHHH 4>yHKUHH peuenTopa THpr. 

y lejioBeKa reH G«i?i/pacnojioxeH Ha 8p21-pl 1.2, 

COCTOHT H3 4 3K30HOB H KOflHpyeT 6eJIOK, KOTOpblH 

BKJHOTaeT b ce6a 92 aMHHOKHonoTHbix ocTaTKa. B pe- 
3ynbTaTe co3peBaHHfi nporopMOHa o6pa3yeTca aeKa- 
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TaSjiHua 4 



MyTaiwH reHa FSHB 



MyrauHH 



KjIHHHKa 



ABTOp 



Val61X/Cys51Gly 
Val61X 

Tyr76X 
Cys82Arg 



y HcemittiH — 3aflep>KKa ny- 
GepTaTa h Secnjionne 
y MyxHHH — 3aaepxcKa ny- 
6epTaTa h a30ocnepMHH, 
y xeHiuHH — 3a«epxKa ny- 
SepTaTa h SecrmauHe 
y mjqkhhh — a30ocnepMHH, 
y sceHiuHH — 3aaepxKa ny- 
6epraTa h 6ecnjioflHe 
A30ocnepMHH 



L. Layman [29] 
M. Phillip [49] (y 

MyjKIHH) 

C. Matthews [38, 
39] (y xeHmHH) 
L. Layman [32] 



G. Lindstedt [34] 







TaBjiHua 5 


MyTaiwH reHa LHB 




MyrauHa 


OeHOTHn 


ABTOp 


Ala-3Thr 


BapnaHT JIX 


Jiang, 2002 


Thr8Arg 




K. Furui [15] 


Ilel5Thr 




K. Furui [15] 


Gly36Asp 


rHnoroHaflH3M 


H. Valdes-Socin [66] 


Gln54Arg 




J. Weiss [67] 


Glyl02Ser 


BecrmcmHe y xeHiuHH 


W. Liao [33] 



nenTHa ThPF. riocjie o6HapyxeHHH jjejieuHH reHa 
GnRH y rnnoroHaflHOH mhiiih (hpg mouse) [35], reH 
GnRH cHHTajicfl MHorooSemaiomHM Kanmtn,aTOM jyra 
noHCKa MyrauHH y 6ojibhwx c Hrr, oflHaKO y nejio- 
BeKa MyrauHtt aToro reHa noica He HaiizieHo. 

PeuenTop ThPF Haxo^HTCH Ha noBepxHocraoH 
MeM6paHe roHaflOTporJ)OB rano(})H3a. Oh othochtch k 
6ojibiuoMy ceMeitcTBy G-npoTeHHCBH3aHHbix peuen- 
TopoB (GPCRs). Ilo cpaBHeHHK) c apyrHMH G-npoTe- 
HHCBH3aHHbiMH peuenropaMH, peuenTop ThPT HMeeT 

HeCKOJIbKO yHHKajIbHHX IipH3HaKOB. y Hero OTCyTCT- 

ByeT BHyrpHKjieTOHHbiH C-TepMHHajibHbiH flOMeH, a 
nocJiefloBaTejibHOCTb DRY (acnaparHHOBaa khcjio- 

Ta— aprHHHH— THP03HH) B 3-M TpaHCMCM6paHH0M flO- 

MeHe 3aMeHeHa Ha DRS (acnaparHHOBaH KHCJioTa— 
aprHHHH— cepHH). AKTHBauHfl peuenropa JiuraHHOM 

ITpHBOflHT K BHyTpHKJieTOHHOH aKTHB3UHH (J)OC(j)OJIH- 

na3bi C h MHToreHaKTHBHpyeMoii npoTeHHKHHa3bi 
(MAPK) h peryjiHpyeT TpaHCKpHnunio h ceKpemiio 
roHaflOTponHHOB [22]. 



MoHoreHHbie (popMbi MOJiHpoBaHHoro IT 



TeH GnRH-R pacnojioxeH Ha 4q21.2, coctoht H3 3 
3K30H0B, KOflHpyeT 6ejioK, coaepacaiuHH 328 aMHHO- 

KHCJIOTHMX OCTaTKOB. HHaKTHBHpyiOmHe MyTaUHH 

GnRH-R npHBOflHT k H30JiHpoB3HHOMy rr, OflHHaKO- 
bo BCTpe^aiOTCH y mpkhhh h y xeHiUHH h HacJie/iy- 
Kyrcfl ayrocoMHO-peueccHBHO [2—4, 6, 7, 9, 10, 21, 23, 
30, 42, 52, 61, 62, 64]. Ohh HaiweHbi b 16% cnopa- 
AHMecKHX h 40% ceMeftHbix cjiyqaeB H30jrapoBaHHoro 

TP 6e3 aHOCMHH C ayTOCOMHO-peueCCHBHbIM THnOM 

HacjieaoBaHHH [4]. KpoMe toto, onucaHa rc>M03HroT- 
Han MyraunK reHa GnRH-R npH cumipoMe "4)epTHJib- 
HblX eBHyxoB" [50]. 

K HacTonmeMy BpeMeHH onHcaHM 22 MyrauHH re- 
Ha GnRH-R — 21 mhccchc- h HOHceHc-MyTauHH h 1 
cnnaHCHHr-MyTauHH sioohob 1 h 3 c flejieunen Bcero 
3K30Ha 2 (pHc. 7). MyrauHH npHBojyiT jih6o k 6jioKane 
npoBeaeHHH CHraajia, jih6o k ocjia6jieHHK) hjih oTcyr- 
CTBHK) CBH3bIBaHHH JIHraHfla. BbmejuuoT MyraiiHH c 
nariHOH h HacraraoH noTepeii cJ)yHKUHH peuenropa. 
MyrauHH Q106R h R262Q BCTpenaioTCH name jxpymx. 

y 1 SoJlbHOrO MOXeT 6bITb HJIH 1 rOM03HTOTHaH My- 

Tau,HH hjih cpa3y 2 (coieTaHHaH reTepo3HroTHocTb) 
[22]. 

KjiHHHqecKaji KapTHHa BapbHpyeT ot nojiHoro flo 
nacTKHHoro ranoroHajj;H3Ma h 3aBHCHT ot ™na Myra- 
uHH (C nOJIHOH HJIH HaCTHMHOH nOTepeft (J)yHKIIHH), a 

Taoce ot HajiHMHH 1 hjih 2 MyTauHH y 1 6ojibHoro. y 

60JIbHbIX, rOM03HrOTHHX no HaCTHMHO HHaKTHBHpyiO- 

mHM MyrauHiiM reHa GnRH-R, Ha6jnojj,aeTCH qacTHH- 
HbiH ranoroHaaH3M [12, 50], a y GojibHbix c nojiHo- 
cTbio HHaKTHBHpyioinHMH MyTarxHiiMH reHa GnRH-R b 
o6ohx ajuiejwx — TJixejibiH ranor6HaiiH3M [4, 7, 52, 
61, 62, 68], t. e. Ha6jno,naeTCJi KoppejwuHii reHOTHn— 
(J)eHOTHn, npmeM ReHOTHn onpeaejweTCH rJiaBHMM 
o6pa30M Gn.ftfl'-.R-BapHaHTOM c MeHee BwpaxeHHofi 
noTepeii cj)yHKUHH. 

06biHHo npn MyrauHax reHa peuemopa THPr pe- 
aKUHa roHajioTponHHOB b xofle THPr-TecTa OTcyTCT- 
ByeT hjih cHJibHo ocjia6jieHa. B to xe BpeMH HHoraa 
BBeaeHHe ThPF b xojje THPr-TecTa MoxeT npeoaojieTb 

HaCTHHHyK) HHaKTHBaUHK) pei],enTOpOB THPr H HMeTb 

pe3yjibTaTOM HopMajibHbiii otbct Ha ThPF c noBbiuie- 
HHeM coaepacaHHH roHanoTponHHOB. B TaKOM KOH- 
TeKCTe o6Hapy>KeHHe MyrauHH reHa GnRH-R MoxeT 
noMOHb ^eneHHio SecruioAHH y sthx 6ojibHbix, TaK k&k 

OHH B 60JIbUIHHCTBe CJiyHaeB pe3HCTeHTHH K HM- 

nyjibCHOMy BBeaeHHio ThPF [22]. Ec^h y 6ojibHbix c 

Ta6jiHiia 6 



OopMa 


Hac^eaoBaHHe 


HacTOTa 


KjIHHHKa 


THPr-TecT 


MexaHH3M 


KALI 


X-cueruieHHo 


14% ceMeliHbiil, 11% cnopaflHqecKHii Pa3Haa CTeneHb rr H aHOC- 


+ 


HapyuieHHe MHrpaiiHH 








MHH, H30JIHpOBaHHaa 




THPr-HeHpOHOB 


FGFR1 


AyTOCOMHO-flOMHHaHTHO 


11% ceMetiHwfl, 9% cnopaHHtecKHtt 


aHocMHH, flpyrne nopoKH 


+ 




NELF 


? 


? 


rr 


+ 




GPR54 


AyrocoMHo-peiieccHBHo 


1-2% 


rr (ITOJIHMH y MJOK1HH, 
qaCTHIHUH y XeHUTHH) 


+ 


HapymeHHe cHHTe3a h 
ceKpeuHH THPr 


GnRHR AyTocoMHO-peiieccwBHO 


40% ceMeftHMii 


riojiHWH rr 




HapyuieHHe CHHTe3a h 












ceKpeuHH JIT h OCX 






16% cnopaflHiecKMil 


^acTHHHHH rr 


- + 




PFSH 


? 


PeflKo 


^acTHiHuii ranoroHaflH3M 


+ 


HapyuieHHe CHHTe3a 

ocr 


(3LH 


AyTOCOMHO-flOMHHaHTHO 






+ 


HapyuieHHe cHHTe3a Jir 



ripHMeqaHne. nuioc — TecT nono>KHTenbHHH, MHHyc — TecT oTpHuaTejibHMH. 
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nacTHHHo HHaKTHBHpyiomHMH MyTauHHMH reHa 
GnRH-R noBTopHoe HinnyjibCHoe BBeaeHHe bhcokhx 
#03 ThPT MoxeT npHfiecTH K HeKOTOpOMy OTBeTy H 
HHflyKUHH OByjrauHH [12, 58], to nauHeHTbi c iiojiho- 
cTbio HHaKTHBHpyKDinHMH MyrauHHMH reHa GnRH-R 
He oTBenaiOT Ha JieneHHe ThPT [31, 52], a TOjibKo Ha 
BBe^eHHe roHajjoTponHHOB. 

H30AupoeaHHan HedocmamoHHOcmb JIT unu 0CTxa- 
paicrepH3yeTCH chhxchhcm hjih oTcyrcTBHeM oflHoro 

H3 TOHaflOTponHHOB npH HOpMajIbHOH HJIH noBbimeH- 

hoh KOHueHTpauHH flpyroro. 

Jir h <E>Cr coctoht H3 2 cyQ-bCMMnrnx: a — o6meH 
Km OCT, Jir, XPI h TTr h (3 — cneunciwHHOH ana 
Kaaworo H3 hhx. MyrauHH reHa a-cy6T>eflHHHUM He 
HaftneHo. OnncaHM eflHHHrabie cjiyqan HHaKTHBH- 
pyiomnx MyrauHH reHOB fi LH h B FSH. 

Mymaifuu p-cy6nedmuu,bi OCT. TeH (3-cy6'beflHHH- 
um <£>CT (FSHB) pacnoJioxeH Ha lip 13 h coctoht H3 

3 3K30H0B. 

OCT y MyxMHH peryjinpyeT cnepMaToreHe3 h co- 
3peBaHHe mieTOK CepTOJiH, y JKeHmHH — pocT h pa3- 
BHTHe 4>oJi^HKyjioB b rJtojuiHKyjiHpHyio 4>a3y uHioia, a 
Taoce cHHTe3 hmh acTporeHOB (rxeHCTByfl Hepe3 apo- 
MaTa3y). 

B HacToamee BpeMH onncaHbi 4 HHaKTHBHpyio- 
unie MyTauHH reHa FSHB, Bbi3biBaiomHe ranoroHa- 
AH3M h a3oocnepMHK> y MyxHHH [32, 34, 49] h 3a- 
flepxKy ny6epTaTa h 6ecnjioaHe y xeHiUHH [29, 32, 
38, 39] (Ta6ji. 4). 

Mymau^uu p-cy6n>eduHuu,u JIT. TeH LHB pacnojio- 
xeH Ha 19ql3.2. Y mjokhhh JIT CTHMyjiHpyeT CHHTe3 
TecTocTepoHa b KjieTKax JleftflHra, y xchluhh — npo- 
jiH4>epaHHio KneToK rpaHyjie3M c o6pa30BaHHeM xeji- 
Toro Tejia b jiiOTeHHOByio 4>a3y UHKjia. IlporecTepoH, 
CHHTe3HpyeMbiH xejiTHM TejioM ("ropMOH 6epeMeH- 
hocth"), HHra6HpyeT pocT h pa3BHTHe HOBbix $ojum- 
KynoB, a TaKxe noaroTaanHBaeT SHflOMeTpHH k BHe- 

flpeHHK) HHUeKJieTKH, CHHXaH B036yflHMOCTb MHOMeT- 

pKH h cTHMyjinpyn pocT fleumryajibHOH tk3hh b MaTKe 
h ajibBeoJi b mojio^hwx xejie3ax. 

MyrauHH reHa p-cy6i>eflHHHUbi Jir (LHB) conpo- 
BoxaaioTCH 3a^epxKoH ny6epTaTa h HapymeHHeM 
cnepMaToreHe3a y MyatMHH h 6ecn^oaneM y >KeHinHH 
[15, 33, 55, 66, 67] (Ta6ii. 5). 

3 a k ji h) h e h h e 

TeHeTmecKH o6ycJioBJieHHbiH BpoxaeHHbiH h3ojih- 
poBaHHbiH rr oneHb reTeporeHeH (Ta6^. 6). Mo^eKyjwp- 
Haa reHCTHKa coBepuiHJia npopbiB b noHHMaHHH stho- 
jioraH h naToreHe3a paanHHHbix $opM Hrr. K HacTOH- 
meMy BpeMeHH oncpbrro HecKOjibKo reHOB, MyrauHH ko- 

TOpblX npHBOflHT K pa3BHTHK) CHHflpOMa KajibMaHa 

(KALI, FGFR1) h HsojinpoBaHHoro rr (GPR54, 
GNRHR). 3to npcuiHBaeT cbct Ha peryjumnro (J)yHKUHH 
rnnoTajiaMo-rHno4)H3apHo-roHaji;HOH och h no3BOjiHeT 
Jiyquie noraTb 4)H3Ho^oraio nojioBoro co3peB3HHH h pe- 
npoayKiJiHH neJioBeKa h hx HapymeHHK. 
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06aiedoeahbi 62 6oMHbix e eo3pacme om 6,5 eoda do 20 mm (Meduana 13,4 eoda) nepe3 4,2 eoda nouie oKomanust neneHua 
MedyAJio6jiacmoMU. Bee nanuennibi nojiynajiu KpanuocnuHOAbHoe o6AyteHue e do3e 35 u 55 Tp Ha o6Aacmb 3adueu Hepenmu hmku. 
ITocjie Jiyneeou mepanuu (JIT) 56 6oAbHux noAyianu noAuxuMuomepanuto (IIXT), 40 m hux IIXT npoeoduau no npomoKOAy M- 
2000 e noddepoKueaioufeM uau umkaobom peoKwue. 

y 37 (79%) m 47 demeu 6buia euneAena nedocmamoHHOcmb eopMona pocma, y 19 (30%) m 62 — omcmaeanue e pocme c duc- 
nponopu,uoHOAbHO KopomKUM eepxnuM ceiMeumoM mena. Y6 6oAbHbix, noAynaeuiux moAbKo JIT, He ebmeAeno nopaoKeme u{umo- 
eudnou 3/ceAe3u u eonad. y 6oAbHux, noAytaeuiux JIT u IIXT, nepeumuu eunomupeo3 pa3euAcn e 32 (57%) us 56 cAynaee, no- 
paoKenue eonad — y 19 U3 20 deeyuteK u y 12 U3 24 lOHomeu. y 5 demeu onrnenaAucb KAUHunecxue u zopMonaAbHbie npu3Ham 
emopuHHou HadnonetHUKoeou nedocmamoHHOcmu. MuHepanbHast nAommcmb Kocmnou micaHu (MIIKT) e u,eaoM no epynne co- 
cmaeuAa —1, 7 SD (standart deviation, cmaudapmHoe omKAoneme), e homchuhhom omdene no3eonoHHUKa —2,4 SD, y 32 (55%) 
U3 58 6oAbHbix pa3euACH ckoauo3 no360HOHHUKa. Y nau,ueHmoe, noAyvaeutux noddepoKueamwym IIXT no npomoKOAy M-2000, om- 
Metanucb 6oAee ebipaweHHoe cuuoKeuue juaccbi meAa, 3adep3taca pocma u cmoKenue MIIKT e no3eoHOHHUKe, neM noate u,ukaosou 
IIXT. Kpojue moeo, nocAe noddepotcueatoxufiu IIXT nawfi paseueancn nepeunnbtu eunoeonadu3M, neM nocne nuKAoeoii IIXT. 

KjiioieBHe cnoBa: MedyAJio6AacmoMa, BudoKpunnbie Hapyuienux, poem, eunomupeo3, zunoeouadrnM, noddepoKueamuiaa no- 
AuxuMuomepanuR, nuK/ioean noAuxuMuomepanux 

Sixty-two patients aged 6.5 to 20 years (median 13.4 years) were examined 4.2 years after termination of treatment for medullob- 
lastoma. All the patients underwent craniospinal irradiation in a dose of 35 and 55 Gy to the area of the posterior cranial fossa. 
After radiotherapy (RT), 56 patients received polychemotherapy (PCT), in 40 patients of them PCT was performed by the M-2000 
protocol in the maintenance and cycle modes. 

Thirty-seven (79%) out of 47 children were found to have growth hormone deficiency; 19 out of the 62 patients had growth retardation 
with the unproportionally short upper segment of the body. No thyroid and gonadal lesions were revealed in 6 patients receiving RT 
alone. In patients having RT and PCT, primary hypothyroidism developed in 32 (57%) of the 56 cases; gonadal lesion did in 19 
out of 20 females and 12 of 24 males. Five children were observed to have clinical and hormonal signs of secondary adrenal insuf- 
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